Results showed that corticosteroid treatment in children with pneumonia is common and its use is highly variable across institutions. Although corticosteroid therapy may benefit children with acute wheezing treated with ␤-agonists, corticosteroid therapy may lead to worse outcomes for children without wheezing. abstract OBJECTIVE: To determine if systemic corticosteroid therapy is associated with improved outcomes for children hospitalized with community-acquired pneumonia (CAP). METHODS: In this multicenter, retrospective cohort study we used data from 36 children's hospitals for children aged 1 to 18 years with CAP. Main outcome measures were length of stay (LOS), readmission, and total hospitalization cost. The primary exposure was the use of adjunct systemic corticosteroids. Multivariable regression models and propensity scores were used to adjust for confounders. RESULTS: The 20 703 patients whose data were included had a median age of 4 years. Adjunct corticosteroid therapy was administered to 7234 patients (35%). The median LOS was 3 days, and 245 patients (1.2%) required readmission. Systemic corticosteroid therapy was associated with shorter LOS overall (adjusted hazard ratio [HR]: 1.24 [95% confidence interval (CI): 1.18 -1.30]). Among children who received treatment with ␤-agonists, the LOS was shorter for children who had received corticosteroids compared with children who had not (adjusted HR: 1.36 [95% CI: 1.28 -1.45]). Among children who did not receive ␤-agonists, the LOS was longer for those who received corticosteroids compared with those who did not (adjusted HR: 0.85 [95% CI: 0.75-0.96]). Corticosteroids were associated with readmission of patients who did not receive concomitant ␤-agonist therapy (adjusted odds ratio: 1.97 [95% CI: 1.09 -3.57]). CONCLUSIONS: For children hospitalized with CAP, adjunct corticosteroids were associated with a shorter hospital LOS among patients who received concomitant ␤-agonist therapy. Among patients who did not receive this therapy, systemic corticosteroids were associated with a longer LOS and a greater odds of readmission. If ␤-agonist therapy is considered a proxy for wheezing, our findings suggest that among patients admitted to the hospital with a diagnosis of CAP, only those with acute wheezing benefit from adjunct systemic corticosteroid therapy. Pediatrics 2011;127:e255-e263 
Community-acquired pneumonia (CAP) is a common and serious infection in children. [1] [2] [3] [4] The pathophysiology of CAP is characterized by a complex inflammatory response triggered by entry of bacteria into the alveolar space. The acute phase of the host response is marked by migration of neutrophils and macrophages into infected alveoli, 5, 6 phagocytosis of invading pathogens, and release of proinflammatory cytokines. Subsequent recruitment and activation of T cells and B cells escalate the inflammatory response. 7 The activation of this cascade benefits the host as long as it remains localized. However, excessive amplification of the inflammatory response may worsen the clinical course of pneumonia, leading to the destruction of lung parenchyma and, in more severe cases, to respiratory failure and septic shock. 5, 8 Considerable morbidity may occur in patients with CAP, even in the presence of appropriate antibiotic therapy. [9] [10] [11] Corticosteroids inhibit the expression of many proinflammatory cytokines released during the course of CAP infection, 7, 12 and corticosteroid treatment may be a useful adjunct therapy in patients with CAP. Systemic corticosteroid therapy is associated with better outcomes for children with other infections, including bacterial meningitis caused by Haemophilus influenzae type B, 13 and pneumonia caused by Pneumocystis jiroveci. 14 Although several studies of adults with CAP have shown reductions in disease severity, hospital length of stay (LOS), and mortality in patients who received corticosteroids compared with patients who did not, [15] [16] [17] [18] the role of corticosteroids in the routine treatment of adults with CAP remains controversial. 19, 20 In children, available data are limited to those acquired through case series investigations and have demonstrated clinical improvement of patients with Mycoplasma pneumoniae pneumonia in temporal association with corticosteroid administration. 21, 22 We therefore sought to determine the association between adjunct corticosteroid therapy and outcomes for children hospitalized with CAP.
METHODS

Data Source
Data for this retrospective cohort study were obtained from the Pediatric Health Information System (PHIS), which contains administrative data from 38 freestanding children's hospitals. Patient data are deidentified before inclusion in the database; however, encrypted medical record numbers allow for tracking of individual patients across hospitalizations. Data quality and reliability are assured through a joint effort by the Child Health Corporation of America (Shawnee Mission, KS) and PHISparticipating hospitals, as described previously. 23, 24 This study, for which we used a deidentified data set, was considered exempt from review by the committees for the protection of human subjects at the Children's Hospital of Philadelphia.
Patients
Data for children aged 1 to 18 years with CAP were included in this study if the children were discharged from any of the 38 participating hospitals between January 1, 2006 25 Data for children younger than 1 year were excluded from the study because these children experience a high rate of viral bronchiolitis that may be difficult to distinguish from bacterial pneumonia. Data for patients with comorbid conditions that predisposed them to severe or recurrent pneumonia (eg, cystic fibrosis, malignancy, sickle cell disease) were excluded by use of a previously reported classification scheme. 26 In addition, we excluded patient data from 2 hospitals because of incomplete reporting of discharge information to PHIS; thus, data from 36 hospitals were included in this study.
Study Definitions
We identified children with asthma in 2 ways: (1) asthma-related hospitalizations as identified by an ICD-9 code for asthma (493.0 -493.92) in any discharge diagnosis field during any previous hospitalization in the 24 months before the current hospitalization; and (2) treatment with inhaled corticosteroids (eg, fluticasone) or leukotriene receptor antagonists on the first day of hospitalization for CAP, which suggested that these medications were a continuation of outpatient or baseline therapy. Children were considered to be acutely wheezing on admission if they were prescribed a ␤-agonist (ie, albuterol) on the first day of their hospitalization.
A patient was considered to have a pleural effusion at presentation if a pleural drainage procedure (eg, chest-tube placement) was performed within the first 2 days of hospitalization. Fluid boluses (normal saline, lactated Ringer's solution), vasoactive infusions (epinephrine, norepinephrine, dopamine, and dobutamine), blood-product administration (packed or washed red blood cells, fresh-frozen plasma, and coagulation factors), and invasive (endotracheal intubation) and noninvasive (continuous positive airway pressure) mechanical ventilation were used as measures of disease severity if administered on the first day of hospitalization.
Measured Outcomes
The primary outcomes of interest in this study were hospital LOS, readmission for CAP within 28 days of index discharge, and total hospital cost. Total hospital charges in the PHIS database were adjusted for hospital location by using the Centers for Medicare and Medicaid price/wage index. We used hospital-level cost-to-charge ratios to convert the charges to costs.
Measured Exposures
The main exposure was the use of adjunct systemic corticosteroids (administered either orally or intravenously), including dexamethasone, hydrocortisone, methylprednisolone, prednisolone, and prednisone.
Data Analysis
Categorical variables were described by using frequencies and percentages. Continuous variables were described by using median, range, and interquartile range (IQR) values. Unadjusted analyses for LOS included median time to outcome, Kaplan-Meier curves, and the log-rank statistic. Unadjusted analyses for readmission included 2 tests for categorical variables and Wilcoxon rank-sum tests for continuous variables.
Propensity scores were constructed by using multivariable logistic regression to estimate the likelihood of adjunct systemic corticosteroid therapy, given an observed set of baseline confounders. [27] [28] [29] Variables entered into the model included age, gender, race, hospital, season of hospitalization, and hospitalization for asthma within the past 24 months. To account for clinical examination findings and severity of illness, the propensity model also included admission to an ICU within the first 2 days of hospitalization, administration of specific medications (eg, ␤-agonist therapy, vasoactive infusions), and performance of specific procedures (eg, mechanical ventilation, pleural-fluid drainage) and laboratory tests (eg, arterial blood gas measurements). The model c statistic was 0.84, a value that indicated that the model had good predictive capacity. 27 Multivariable analysis was performed for data from the overall cohort to evaluate outcomes independently associated with adjunct systemic corticosteroid therapy, with adjustment for propensity score and for individual covariates. 30, 31 For LOS, modeling consisted of multivariable Cox proportional hazards regression, with censoring on death (n ϭ 156, 0.75%), for which a hazard ratio (HR) of Ͼ1 indicated a shorter LOS. The probability of a shorter LOS was derived by using the following formula: probability of a shorter LOS ϭ HR/(1 ϩ HR). 32 Results of a global test of proportional hazards for the propensityadjusted regression model were not significant (P ϭ .815). Therefore, a single model was fit for our primary analysis. For patients who were readmitted to the hospital, a multivariable logistic regression model was used. For analysis of hospital cost, the model consisted of multivariable linear regression with logarithmic transformation of the outcome to account for its skewed distribution.
To explore the possibility of important subgroup effects, we repeated the above analyses with stratification according to patient age and whether the patient received ␤-agonist therapy. To avoid overfitting, all models in these subanalyses were adjusted for propensity score but not for individual covariates.
Data were analyzed by using Stata 10 (Stata Corp, College Station, TX). All analyses were clustered according to hospital. A 2-tailed P Ͻ .05 was considered statistically significant.
RESULTS
Patient Characteristics
Characteristics of the 20 703 patients whose data were eligible for study inclusion are shown in Tables 1 and 2 . The median patient age was 4 years (IQR: 2-8 years). Overall, 2778 (13%) of the patients had been hospitalized with a diagnosis of asthma in the 24 months before the current hospitalization, and 3886 (19%) had received inhaled corticosteroids or leukotrienereceptor antagonists. Concomitant ␤-agonist therapy was common; 10 971 (53%) of patients received ␤-agonist therapy at the time of admission. The median percentage of patients who received concomitant ␤-agonist therapy at any hospital was 55% (range: 1%-77%; IQR: 46%-61%).
Adjunct Corticosteroid Administration
Adjunct systemic corticosteroids were administered to 7234 (35%) of children overall. Corticosteroid administration practices varied widely among study hospitals. The median percentage of patients who received adjunct corticosteroid therapy at any hospital was 32% (range: 1%-51%; IQR: 24%-40%) (P Ͻ .001, 2 test). Adjunct systemic corticosteroids were administered to 41% of patients who required ICU admission and to 34% of patients who did not require ICU admission (P Ͻ .001, 2 test).
Length of Stay
Overall Overall, the median LOS was 3 days (IQR: 2-5 days); 17% of children had an LOS of Ն7 days and 6% of children had an LOS of Ն14 days. The LOS was Ն 7 days for 10% of patients who received adjunct corticosteroids and for 20% of patients who did not receive them. In unadjusted analysis, systemic corticosteroid administration was associated with shorter hospital LOS (unadjusted HR: 1. In multivariable analysis, systemic corticosteroid administration remained associated with a shorter LOS (Table  3) . Both previous hospitalization for Patients were considered to be on chronic asthma therapy if they received an inhaled steroid or a leukotriene-receptor antagonist on admission.
FIGURE 1
Kaplan-Meier curve that represents the LOS for patients who received corticosteroids and patients who did not (log-rank P Ͻ .001). 
Stratification according to age
Systemic corticosteroid receipt differed according to patient age (patients aged 1-5 years, 37%; aged 6 -11 years, 37%; aged 12-18 years, 24%; P Ͻ .001, 2 test). Unadjusted analysis results indicated that systemic corticosteroid therapy was associated with shorter LOS among patients in all age groups (Table 3 ). In propensityadjusted Cox proportional hazards regression, corticosteroids remained associated with shorter LOS in all age groups (Table 3) .
Stratification according to ␤-agonist therapy
Adjunct systemic corticosteroids were administered to 6183 (56.4%) of 10 971 patients who received ␤-agonists and 1051 (10.8%) of 9732 patients who did not receive ␤-agonists. In unadjusted analysis, systemic corticosteroids were associated with shorter hospital LOS among patients who received ␤-agonist therapy (Table 3) . KaplanMeier curves that represent LOS according to receipt of ␤-agonist therapy are shown in Fig 2. The difference in LOS between patients who received corticosteroid treatment and patients who did not was statistically significant only among those patients who received ␤-agonist therapy (P Ͻ .001, log-rank test). In propensityadjusted Cox proportional hazards regression, systemic corticosteroid therapy remained associated with shorter LOS among children who received ␤-agonist therapy ( Table 3 ). The HR of 1.41 indicates that the odds are 1.41:1 (or the probability is 59%) that a patient who receives adjunct corticosteroid therapy will have a shorter LOS than a patient who does not receive adjunct corticosteroid therapy. In contrast, corticosteroid therapy was associated with a significantly longer LOS for patients who did not receive ␤-agonist therapy (Table 3) . 
FIGURE 2
Kaplan-Meier curve that represents the LOS for patients who received corticosteroids and patients who did not among patients who did not recieve ␤-agonist treatment (A) (log-rank P ϭ 0.15) and patients who did receive ␤-agonist treatment (B) (log-rank P Ͻ .001).
Hospital Readmission
Overall, 245 children (1.2%) were readmitted to the hospital for CAP within 28 days of index discharge. Across study hospitals, the median readmission rate was 1.3% (IQR: 0.7%-1.6%). The difference across study hospitals in the proportion of patients who required readmission was not statistically significant (P ϭ .099, 2 test). Readmission rates differed according to age as follows: children aged 1-5 years, 1.2%; aged 6 -11 years, 0.9%; aged 12-18 years, 1.9% (P Ͻ .001, 2 test). The readmission rate for both patients who received and those who did not receive ␤-agonist treatment was 1.2% (P ϭ .62, 2 test). In analysis of data for the overall cohort and in subanalysis of data stratified according to age, neither unadjusted nor multivariable analysis results indicated that systemic corticosteroid therapy was associated with readmission (Table 4). Subanalyses of data stratified according to ␤-agonist receipt indicated that corticosteroids were associated with higher odds of readmission among patients who did not receive concomitant ␤-agonist therapy (Table 4) .
Cost
Overall, the median cost for patients who were admitted to the hospital with CAP was $4719 (IQR: $2748 -$10 961). Among patients who received corticosteroids, median cost was $4440, whereas among nonrecipients, it was $4941 (P Ͻ .001, Wilcoxon rank-sum test). Costs remained lower among patients who received corticosteroid treatment, according to results of subanalysis of data stratified according to age (Appendix). In subanalysis of data stratified according to ␤-agonist receipt, corticosteroids were associated with a higher cost among patients who did not receive ␤-agonists, and with a lower cost among patients who did receive ␤-agonists (Appendix).
DISCUSSION
In this multicenter study we examined the role of adjunct systemic corticosteroid therapy in children hospitalized with CAP. Adjunct corticosteroids were commonly used to treat children with CAP, although corticosteroid use varied considerably across participating hospitals. Corticosteroid use in CAP was not limited to patients who received concomitant ␤-agonist therapy. We also found that adjunct systemic corticosteroid therapy was associated with a shorter hospital LOS in the subset of patients who received concomitant ␤-agonist therapy. In contrast, among those patients who did not receive a ␤-agonist, systemic corticosteroids were associated with a longer hospital LOS and higher odds of readmission. If the administration of a ␤-agonist is considered as a proxy for the presence of wheezing, our findings suggest that among patients admitted with a diagnosis of CAP, only those with acute wheeze as a presenting symptom benefit from adjunct systemic corticosteroid therapy.
We found significant variation in the use of corticosteroids for CAP across hospitals. Increased illness severity and requirement for ␤-agonist therapy incompletely accounted for this variation. It is likely that variation in corticosteroid use across hospitals reflects poor consensus on optimal treatment of children hospitalized with CAP. Institutional culture differences may also drive variability. Randomized trials to clarify the role of adjunct corticosteroid therapy in the treatment of childhood pneumonia are necessary to determine procedures that may reduce this practice variation and optimize the care of children hospitalized with CAP.
Serum cytokines are elevated in children with CAP, 33 but their expression can be inhibited by systemic corticosteroids. 7 In this multicenter study of children hospitalized with CAP, we found that adjunct systemic corticosteroid therapy was associated with a shorter LOS among children who received concomitant ␤-agonist therapy. These effects remained even after adjustment for empiric antibiotic therapy. Our findings have important clinical implications. It is possible that the benefits of adjunct corticosteroids depend partly or exclusively on the infecting pathogen. Viruses and atypical bacterial pathogens such as M pneumoniae cause diffuse lower-airway inflammation [34] [35] [36] as well as shifts in airway responsiveness. 37, 38 As a conse- a P for adjusted odds ratio. b Overall model also was adjusted for propensity score, age, gender, race, previous asthma hospitalization, chronic asthma medication, ␤-agonist receipt, pleural drainage procedures, chest computed tomography or ultrasound, respiratory support, vasoactive infusions, ICU admission, arterial blood gas measurement, blood culture, and empiric antibiotic regimen. c Stratified models were adjusted only for propensity score.
quence, wheezing is common in CAP caused by viruses and atypical bacteria but uncommon in CAP caused by typical bacterial pathogens such as Streptococcus pneumoniae. 39, 40 The benefit of corticosteroid treatment observed among patients who received a ␤-agonist, a group likely to have wheezing on clinical examination, might be related to treatment of both the local inflammatory and smoothmuscle hyperreactivity components induced by infection. In contrast, mitigation of the systemic cytokine response and treatment of relative adrenal insufficiency, the proposed mechanisms of benefit in studies of adult patients, 15, 16, 18 may be less important in children, who have lower rates of systemic complications (eg, sepsis) and death than adults with CAP. 41 The timing of corticosteroid therapy relative to symptom onset, which could not be assessed in this study, may also be important, because the benefits of corticosteroids in animal models of infection were greatest in the early stages of lung inflammation. 42, 43 Adjunct systemic corticosteroid therapy was associated with a longer LOS and a higher odds of readmission among patients who did not receive ␤-agonist therapy. Corticosteroids are known to affect many aspects of the host immune response. It is possible that corticosteroid-associated impairment of the host immune response led to delayed recovery in children with bacterial pneumonia. It is also possible that systemic corticosteroids were associated with adverse effects, such as hospitalacquired infections, hypertension, and hyperglycemia, which prolonged hospitalization. Alternatively, corticosteroids may have been preferentially administered to more severely ill children (ie, confounding by indication), which caused us to underestimate the potential benefits of corticosteroids.
This study had several limitations. First, because there are no specific ICD-9 discharge diagnosis codes for CAP, it is possible that we included patients with simple asthma exacerbation rather than CAP. We minimized such misclassification by using a previously validated ICD-9 discharge diagnosis code algorithm to identify children with CAP, 25 which included only children who received an antibiotic on the first day of hospitalization, and excluded patients at high risk for viral bronchiolitis (ie, those aged Ͻ1 year). We further addressed the possibility that children with wheezing had asthma rather than CAP by adjusting for previous asthma hospitalizations and by stratifying our analysis on the basis of receipt or nonreceipt of ␤-agonist therapy.
A second limitation was that there may have been unmeasured confounding or residual confounding by indication for adjunct corticosteroid therapy related to clinical presentation in terms of illness severity and the presence or absence of wheezing. This confounding could have influenced our results in 2 disparate ways. We expected that patients who received corticosteroid treatment would be sicker than patients who did not. We included variables associated with a greater severity of illness (such as ICU admission) in the propensity score and separately as covariates in multivariable analysis. Because we found an association between adjunct corticosteroid therapy and LOS, it is possible that the benefit of corticosteroid therapy is even greater than that found in our study. We also expected that children with previous episodes of wheezing and those with wheezing at presentation would be more likely to receive and benefit from corticosteroids. Therefore, variables associated with a history of reactive-airway disease were included in the propensity score and in the multivariable analysis. In addition, we stratified the analysis according to receipt or nonreceipt of ␤-agonist therapy, which should have served as a reasonable proxy for acute wheezing.
A third limitation was that we were able to record only readmissions that occurred at the same hospital as the index admission. Thus, for any patient with CAP who was readmitted and presented to a hospital not included in the PHIS database, the readmission data did not appear in our records, and the readmission was not counted. It is therefore possible that the true number of readmissions for CAP was higher than that presented here. Finally, the impact of adjunct corticosteroid therapy on other important outcomes such as progression of illness and the development of pneumonia-associated complications such as empyema could not be assessed in this study.
CONCLUSIONS
In this multicenter retrospective cohort study we found that adjunct systemic corticosteroids were associated with shorter hospital LOS overall, with particular benefit among those patients who also received concomitant ␤-agonist therapy. Among those patients who did not receive ␤-agonist therapy, systemic corticosteroids were associated with longer hospital LOS and more frequent readmissions. Our results do not support the routine use of corticosteroid treatment of children with CAP. Our findings also have important implications for the design of future clinical trials, particularly with regard to planning of sample size and study cohorts. Because the practice of prescribing adjunct corticosteroids to children with CAP is both common and highly variable, a randomized trial is warranted to allow further exploration of which pediatric populations might benefit from systemic corticosteroid therapy. a P for adjusted ␤-coefficient. b Overall model was also adjusted for propensity score, age, gender, race, previous asthma hospitalization, chronic asthma medication, ␤-agonist receipt, pleural drainage procedures, chest computed tomography or ultrasound, respiratory support, vasoactive infusions, ICU admission, arterial blood gas measurement, blood culture, and empiric antibiotic regimen. c Stratified models were adjusted only for propensity score.
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